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. 1-3 wk later, tumor size was determined. The tumor volume was not significantly different between the two groups (n = 10 mice/group). (D) Lysates from GFPLifeAct control or RAB5A-infected HeLa cells, induced with doxycycline for 48 h, were immunoblotted with the indicated antibodies (right) or processed for immunofluorescence as indicated (left). (E) GFP-LifeAct control (Ctr) or GFP-LifeAct-RAB5A-overexpressing (RAB5A) HeLa cells were injected into the mammary fat pads of NSG mouse as described in Fig. 3 A. Representative images of FFPE sections of control and RAB5-HeLa tumors stained with H&E (top left) or anti-GFP (top right). Quantitation of primary tumor size (weight, bottom left), apoptosis (number of caspase-3-positive cells, bottom middle), and proliferation (number of Ki67-positive cells, bottom right) expressed as mean ± SEM (error bars) of three independent experiments, where n = 5 mice/condition/experiment. (F) GFP-LifeAct control (Ctr) or GFPLifeAct-RAB5A-overexpressing (RAB5A) HeLa cells were grown for 21 d on an organotypic collagen matrix culture, preconditioned with U937 macrophages. Representative multiphoton-based SHG images of type I collagen fibers of cell-invaded organotypic matrices are shown. (G) Control (Ctr) or RAB5A-overexpressing (RAB5A) HeLa cells were injected subcutaneously into nude mice. After 4 wk, tumors were excised, measured, fixed, and processed for histological analysis. FFPE tumor tissue sections were stained with H&E or with anti-RAB5 antibody and hematoxylin. Stromal areas of primary tumors were analyzed by multiphoton-based SHG at different magnifications to detect interstitial collagen fiber organization. Figure S2 . RAB5A is necessary and sufficient to induce invasion into a native type I collagen matrix and for invadosomes formation. (A) Invasion into a native type I collagen matrix requires protease activity. An equal number of HT1080 cells, treated with the broad-spectrum metalloprotease inhibitor GM6001 or control vehicle, were placed on one side of a chamber slide in which 2.3 mg/ml of acid extractedonly type I collagen gel containing 100 ng/ml HGF and 100 ng/ml EGF was polymerized. Migration tracks of randomly picked individual cells invading toward the HGF/EGF gradient over 18 h are shown (left, see also Video 4). Quantification of cell invasion expressed as the mean forward invasion index ± SEM (error bars) is shown (right). The analysis was conducted on at least 30 cells/experimental conditions in four independent invasion assays. *, P < 0.01. (B) RAB5A is sufficient to promote HeLa cell invasion. An equal number of HeLa cells transfected with pEGFP alone, or in combination with RAB5A, were treated with GM6001 and assessed for invasion ability as described in A. Migration tracks of randomly picked individual cells toward an HGF gradient over 18 h are shown (left, see also Video 6). The signal of GFP-positive cells at 18 h was detected by epifluorescence (right). Broken lines mark the upper interface between cell media and type I collagen gels. Bar, 200 µm. Quantification of cell invasion efficiency expressed as the mean forward invasion index ± SEM (error bars) is shown (right). The analysis was conducted on 45 single cells/experiment in three independent invasion assays. *, P < 0.01. (C) An equal number of scrambled control (Ctr) or RAB5A,B,C-depleted (siRNA RAB5) MDA-MB-231 cells were assessed for their invasive ability in acid extracted-only polymerized type I collagen gel. Examples of migration tracks of randomly picked individual cells toward an HGF gradient over 48 h are shown (left; see also Video 9). Quantification of cell invasion expressed as mean forward invasion index ± SEM (error bars) is also shown (middle). The analysis was conducted on 80 single cells/experiment in four independent invasion assays. **, P < 0.005. Efficacy of RAB5 gene silencing was assessed by quantitative PCR (right). **, P < 0.005. (D-F) Silencing of RAB5 genes impairs formation of HGF-induced invadosomes in various breast cancer lines. HGF-treated scrambled control (HGF) or RAB5A,B,C-depleted (siRNA RAB5) MDA-MB-231 (D), BT20 (E), and SUM149 (F) cells were plated onto fluorescently conjugated gelatin, stimulated with HGF (100 ng/ml) for 3 h, and stained with phalloidin. (D-F, left) Representative merged images of cells stained with phalloidin or processed for epifluorescence to reveal F-actin and fluorescently conjugated gelatin, respectively. Bar, 20 µm. (D-F, right) Quantification of gelatin degradation was performed as described in Materials and methods and is expressed as a degradation index. Data are the mean ± SEM (error bars; n = 100 cells/experiment in three independent ones). *, P < 0.01; **, P < 0.005. Silencing of RAB5 genes was verified by quantitative PCR (bottom right). **, P < 0.005. (G) Doxycycline-inducible RAB5A-expressing and control (Ctr) MCF10.DCIS.com cells were plated as above to detect the focal area of gelatin degradation. (G, left) Representative merged images of cells stained with phalloidin or processed for epifluorescence to reveal F-actin and fluorescently conjugated gelatin, respectively. Bar, 20 µm. (G, middle) Relative area of degradation with respect to the area of degradation in control samples. Data are the mean ± SEM (error bars) of three independent experiments, where n = 120 cells/experiment. *, P < 0.01; **, P < 0.005. Elevation of RAB5A induced by doxycycline was verified by immunoblotting (right). Figure S3 . RAB5A is necessary and sufficient to promote N-WASP-dependent invadosome formation. (A) Control (HGF), RAB5A/B/C-silenced (siRNA RAB5), or RAB5S34N-expressing HeLa cells were plated onto fluorescently conjugated gelatin and stimulated with HGF (100 ng/ml) for 1 h, or left in serum free (SF) conditions. Cells were stained with phalloidin or anti-RAB5A Ab (RAB5AS34N). (A, top) Representative merged images of phalloidin labeling (green) and fluorescently conjugated gelatin (red). Arrows indicate examples of matrix-degrading invadosomes. Insets show magnifications of boxed regions. RAB5AS34N-expressing cells were visualized by anti-RAB5A labeling and indicated with an asterisk (far right). Bar, 10 µm. (A, bottom) Quantification of gelatin degradation was performed as described in Materials and methods and is expressed as the mean degradation index ± SEM (error bars) of at least three independent experiments, where n = 50 cells/experiment. Silencing of RAB5 genes was verified by quantitative PCR (bottom right). **, P < 0.005. (B) HeLa cells were serum starved and mock treated (SF) or stimulated with HGF (100 ng/ml) for the indicated times. Total cell lysates were incubated with GST-EEA1 to trap GTP-loaded RAB5A as described previously (Palamidessi et al., 2013) . Lysate (top) and GST-EEA1 bound proteins (bottom, RAB-GTP) were revealed by immunoblotting with anti-RAB5 antibody. Data are the mean degradation index ± SEM (error bars) of four independent experiments, where n = 90 cells/experiment. **, P < 0.005. Silencing of RAB4A and RAB4B genes was performed using two sets (#1 and #2) of independent siRNA oligos, which gave identical results, and was verified by quantitative PCR (right). **, P < 0.005. The number of normal and tumor samples analyzed (Nr. analyzed) and the number and percentage of RAB4A high-expressing (IHC score ≥1) samples are given for each screened tissue. Dysregulation (up-or down-regulation) was evaluated by assessing differences between the tumor and the normal groups with the Pearson  2 test (RAB4A-high vs. RAB4A-low expressing samples, IHC score ≥1 vs. <1) and the Student's t test. Mean protein expression was calculated and reported separately for tumor and normal tissues. Differences were judged as significant at confidence levels equal to or greater than 95% (P < 0.05). Analyses were performed using JMP statistical software (SAS Institute, Inc.). In tumor tissues, in all cases, the IHC signals of the over-or under-expressed protein were associated with the tumor cell component and not with the adjacent or infiltrating stroma. The same was true for normal tissues. Bold text indicates a significant difference.
Video 1. A single plane of EGFP-LifeAct-positive RAB5A-HeLa tumors, where cells are seen either extending an actin-dense circular ruffles (arrowhead) and blebs (arrows). None of these events could be observed in control EGFP-HeLa tumors. The clip was obtained by intravital imaging (TCS SP5 upright DM600 CFS; Leica) as described in the Materials and methods section. Images were taken every 2 min for 54 min.
Video 2. Areas of EGFP-LifeAct-positive control and RAB5A-HeLa tumors. Each clip obtained by intravital imaging with multiphoton microscopy (TCS SP5 upright DM600 CFS; Leica) lasts 22 min, with images taken every 2 min. The control video contains nonmotile cells. The RAB5A show rapidly moving cells from the center (arrowheads) to the right bottom side (related to Fig. 3 E) .
